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PROGRAMMABLE BASEBAND MODULE 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims priority from US provisional application serial 
number 60/257,289, filed December 26, 2000, which is hereby incorporated by 
reference in its entirety. 1 

BACKGROUND 

In modern wireless communication systems such as cellular communication 
systems, dual-mode radio receivers may employ two baseband modules: a baseband 
module for a first receiving mode, and a baseband module for a second receiving 
mode. The baseband modules may include filters to filter a receiving signal. The 
filters may be adjusted according to characteristics of the received signal. 
Characteristics of the received signal may include for example, frequency, amplitude 
and phase. For example, a dual-mode radio receiver for Global System for Mobile 
communications (GSM) and Wideband Code Division Multiple Access (WCDMA) 
may employ two baseband modules, one for GSM and one for WCDMA, respectively. 
Furthermore, the dual-mode radio receiver may include a switching system to switch 
between GSM and WCDMA baseband modules according to the characteristics of the 
received signal. Switching between receiving modes may generate interference to the 
received signal. 

Thus, there is a continuing need for a baseband module to provide better ways 
to switch between receiving modes of multi-mode receivers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter regarded as the invention is particularly pointed out and 
distinctly claimed in Hie concluding portion of the specification. The invention, 
however, both as to organization and method of operation, together with objects, 
5 features, and advantages thereof, may best be understood by reference to .the following 
detailed description when read with the accompanying drawings in which: 

FIG. 1 is a block diagram of a multi-mode receiver in accordance with an 
embodiment of the present invention; 

FIG. 2 is a schematic representation of an impulse response of a filter which 
1 0 may be used in accordance with the present invention; 

FIG. 3 is a schematic representation of an In-Phase (I) channel or a quadrature 
channel (Q) of a baseband module of the multi-mode receiver of FIG, 1 ; 

FIG. 4 is a schematic representation of a branch of a complex programmable 
convolver according to an embodiment of the invention; and 
C315 FIG. 5 is a flow chart of a method in accordance with an embodiment the 

fy present invention. 

y j It will be appreciated that for simplicity and clarity of illustration, elements 

fv'l shown in the figures have not necessarily been drawn to scale. For example, the 
y dimensions of some of the elements may be exaggerated relative to other elements for 
h£0 clarity. Further, where considered appropriate, reference numerals may be repeated 
p among the figures to indicate corresponding or analogous elements. 

m 
a 
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DETAILED DESCRIPTION 

In the following detailed description, numerous specific details are set forth in 
order to provide a thorough understanding of the invention. However, it will be 
understood by those skilled in the art that the present invention may he practiced 
5 without these specific details. In other instances, well-known methods, procedures, 
components and circuits have not been described in detail so as not to obscure the 
present invention. 

It should be understood that the present invention may used in variety of 
applications. Although the present invention is not limited in this respect, the circuits 
10 and techniques disclosed herein may be used in many apparatuses such as receivers of 
a radio system. Receivers intended to be included within the scope of the present 
invention include, by a way of example only, cellular radiotelephone receivers, two- 
way radio receivers, digital system receivers, analog system receivers and the like. 
y 5 Type of cellular radiotelephone transmitters intended to be within the scope of 

';; 15 the present invention include, although are not limited to, multi-mode radiotelephone 
fjj receivers which may receive at least in part, signals of Code Division Multiple Access 
(CDMA), CDMA 2000, wide band CDMA (WCDMA), Global System for Mobile 
Si communication (GSM), Personal digital communication (PDC), Time Division 
y Multiple Access (TDMA) receivers, Extended-TDMA (E-TDMA) cellular 
l-EO radiotelephone receivers and the like. Furthermore, other types of single mode 
LJ'i radiotelephone receivers such as CDMA, CDMA 2000, WCDMA, GSM, PDC 
yl cellular radiotelephone receivers, TDMA, E-TDMA receivers, receivers for receiving 
Ti amplitude modulated (AM) and pbase modulated signals and the like, are also 

intended to be within the scope of the present invention. 
25 Turning first to FIG. 1, a multi-mode receiver 100 in accordance with an 

embodiment of the invention is shown. Multi-mode receiver 100 may receive signals 
of two or more communication systems. Multi-mode receiver 100 may receive signals 
from GSM, PDC, CDMA, CDMA 2000, WCDMA, TDMA, E-TDMA, analog 
radiotelephone systems and the like. For the simplicity, the multi-mode receiver 100 
30 will be described as dual-mode GSM/W CDMA direct conversion receiver. However, 
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it should be understood that the scope and application of the present invention is in no 
way limited to this example; other receiving methods and/or receivers architecture 
may be included within the scope of the present invention. Multi-mode receiver 100 
may include a Radio Frequency (RF) mixer 10, a baseband module 20 and a 
5 demodulator 30. The baseband module 20 may include an in-phase (I) channel 40, a 
quadrature (Q) channel 50, a timing unit 55, a memory 60, delay buffers 65 and digital 
to analog converters (DACs) 70. For simplicity, in this example I channel and Q 
channel may have a substantially equal structure and the description of I channel 40 
may also include the description of Q channel 50. A controller 90 may control the 
1 0 operation of RF mixer 1 0, baseband module 20 and demodulator 30. 

In operation, a received signal 75 may be inputted to RF mixer 10. Although 
the scope of the present invention is not limited to this example, received signal 75 
may be a GSM signal or a WCDMA signal. However, in alternative embodiments of 
the present invention the received signal 75 may be a signal of other wireless 
f 15 communication systems such TDMA, PDC, CDMA, CDMA2000 or the like. RF 
C mixer 10 may down convert the received signal 75 to I and Q analog baseband signals, 
iff In addition, information on the type of the received signal 75, e.g. GSM or CDMA, 
may be provided to controller 90. I and Q analog baseband signals may be inputted to 
J 1 I channel 40 and to Q channel 50, respectively. I channel 40 and Q channel 50 may 
: 20 inchide programmable filters, wherein switching between modes is done by 
fy programming the filters according to the characteristics of the received signal 75. 
1* However, it should be understood that the received signal 75 may be an example of a 
Q modulated signal and characteristics of the received signal 75 may be the 
; ~ characteristics of the modulated signal. In this example, the characteristics of the 
25 received signal 75 may include frequency, amplitude and phase. Furthermore, the 
received signal 75 may include data on the wireless communication system type, for 
example GSM, WCDMA or the like, Timing unit 55, memory 60, delay buffers 65 
and DACs 70 may be used to program the programmable filters of I channel 40 and Q 
channel 50. Memory 60 may be for example, a read only memory (ROM), 
30 programmable read only memory (PROM), erasable programmable read only memory 
(EPROM), FLASH memory read access memory (RAM) dynamic read access 
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memory (DRAM) and the like. Memory 60 may store for example, impulse responses 
to be programmed into programmable filters of I channel 40 and Q channel 50 when 
switching between receiving modes. Programming the programmable filter may be 
done, for example, by writing an address of a desired impulse response to memory 60 
5 and providing impulse response data to the programmable filter. For example, an 
impulse response for a low pass filter may be programmed into programmable filters 
of I channel 40 and Q channel 50 when the received signal 75 is a GSM signal, and an 
impulse response for a band pass filter may be programmed into programmable filters 
of I channel 40 and Q channel 50 when the received signal 75 is a WCDMA signal. 
10 An example of an impulse response 200 which may be programmed when the 

received signal is a GSM signal is shown in FIG. 2. Although the scope of the present 
invention is not limited in this respect, memory 60 may store a digital representation 
of the impulse response 200 (FIG, 2). For example, a digital representation of the 
impulse response may include digital samples of the impulse response signal and/or 
1 5 coefficients of the impulse response and the like. Timing unit 55 may provide a clock 
Z, to output digital representation data of the impulse response 200 from ROM 60 

|}j through delay buffers 65 to die DACs 70. The number of delay buffers 65 may be 

C? substantially equal to the number of the DACs 70. The number of the DACs 70 may 

fri 

% be set according to the length of the impulse response 200 and the sampling rate at the 
» 20 outputs of I channel 40 and Q channel 50. For example, for an impulse response 
E | length often times die symbol length and an output sampling rate of two samples per 
[ t ; symbol, twenty DACs 70 may be used. Furthermore, the sampling rate and the 
r resolution of DACs 70 may be adjustable. However, in alternative embodiments of 

r= the present invention, different numbers of delay buffers and DACs may be used. 
25 Furthermore, the number of DACs may not be dependent on the length of the impulse 
response 200. The DACs 70 may convert digital samples of the impulse response 200 
into analog samples of analog signals. The analog signals may be provided with 
different time phases of the impulse response 200 to the programmable filters of I 
channel 40 and Q channel 50. A detailed description of I channel 40 and Q channel 
30 50 will be given below with reference to FIG. 3. I channel 40 and Q channel 50 may 
output filtered I and Q analog signals 85 and 80, respectively. Filtered I and Q signals 

6 
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85, 80 may be inputted to demodulator 30. Demodulator 30 may demodulate the 
filtered I and Q signals 85, 80 to provide voice and data to a subscriber of a 
radiotelephone system, if desired. 

Turning to FIG. 3 a block diagram of I channel 40 or Q channel 50 is shown. 
5 Although the scope of the present invention is not limited in this respect, I channel 40 
and Q channel 50 may have similar architecrure. For simplicity, the description may 
refer to I channel 40, if desired. I channel 40 may comprise baseband filters. 
Baseband filters may include one or more predefined filters and one or more 
programmable filters. 

10 Although the scope of the present invention is in no way limited in this 

respect, the programmable filters may be filters whose type and other characteristics, 
such as, for example, a frequency response, may be programmed by setting the 
numbers of poles by software or by hardware, if desired. An example of a 
programmable filter may be, a switch capacitors filter, a finite impulse response (FIR) 

H : 1 5 filter, a programmable convolver and the like. 

O 

p Although the scope of the present invention is no limited in this respect, I 

*]l channel 40 may include a pre-filter 310 having a programmable number of poles, a 
JJ buffer 320, an anti-aliasing filter 330 having a programmable number of poles, a 
% programmable convolver 340, an amplifier 350, an analog to digital converter (ADC) 
, 20 360 and an automatic gain control (AGC) loop 370. 

In operation, the modulated signal 305 may be an In-Phase (I) portion of the 
PJ received signal 75. However, the present invention is in no way limited in this respect 
| ; J and the modulated signal 305 may be the Quadrature (Q) portion of the received 
H' signal 75 or the received signal 75 itself Modulated signal 305 may be inputted to 
25 pre-filter 310. Pre-filter 310 may be a single pole low pass filter. Buffer 320 may 
protect output signal of the pre-filter 310 from distortion. Pre-filter 3 10 may filter the 
modulated signal 305 to limit third order intercept point (IP3). Anti-aliasing filter 330 
may be used to filter alias frequencies that are at multiples of DACs 70 rate from the 
modulated signal 305 and to filter interference signals of modulated signal 305. 
30 Programmable convolver 340 may be programmed to be a low pass filter to 

reject first and second adjacent channel interference from the modulated signal 305. 
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The programming of the programmable convolver 340 may be done by providing time 
phases of an impulse response signal. For example, impulse response 200 may be 
duplicated with a time phase shift from the origin impulse response and may be 
duplicated with a time phase shift from a previous duplicated signal. Although the 
5 scope of die present invention is not limited in this respect, duplication of the impulse 
response with a time phase shift from a previous duplicated signal may proceed until 
die desired number of impulse response time phases will be provided to the 
programmable convolver 340. The type of programmed filter may be determined 
according to the characteristic of the modulated signal 305 and may be generated by 
10 the shape of the impulse response 200. A detailed description of the operation of the 
programmable convolver 340 and the switching metiiod between receiving modes will 
be described below. 

Although the scope of the present invention is not lknited in this respect, AGC 
control 370 may control the amplitude of the programmable convolver 340 output 
H" 15 signal 353 by adjusting the gain of amplifier 350. Amplifier 350 may provide a 

o * 

p filtered modulated signal 355 that has an average amplitude level to ADC 360. hi 
j j addition, AGC control 370 may control the amplitude level of programmable 
iQ convolver 340 integrators 363, 364, 365 to prevent saturation of signals that are 
^ processed by die programmable convolver 340. ADC 360 may convert filtered 
s 20 modulated signal 355 into digital signal 375. hi an alternative embodiment of I 
channel 40, a reconstruction filter (not shown) may be coupled to the output of 
fjj amplifier 350 to reconstruct the digital signal 375 to an analog signal. AMiough the 
scope of the present invention is not limited in this respect, analog signal or digital 
H 1 signal 375 may be provided to the demodulator 30. 
25 Although the scope of the present invention is not limited in this respect, the 

programmable convolver 340 may include branches. Number of the branches may be 
detenxuned according to the length of the impulse response 200. In the example 
described above, the length of the impulse response 200 may be ten times the symbol 
length. Thus, the programmable convolver 340 may include twenty branches. For 
30 example., branch 360 may include a multiplier 362, an integrator 364 and a switch 
366. 
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Although the scope of the present invention is not limited in this respect, 
multipliers 359, 361, 362 may receive filtered modulated signal 355 and time phases 
of impulse response signal 345, 346, 347 from DACs 70. For example, multiplier 362 
may receive pre-filtered signal 335 and a time phase of inversed impulse response 
5 signal 345. Multiplier 362 may multiply pre-filtered signal 335 with the time phase of 
inversed impulse response signal 345. Integrator 364 may accumulate the 
multiplication signal according to clock 367. For example, clock 367 may be 
provided by timing unit 55. Sample switch 366 may provide samples of the integrated 
signal from integrator 364 to amplifier 350. The samples may be connected and 

10 released according to clock 368 of timing unit 55. Although the scope of the present 
invention is not limited in this respect, the operation described above may be done in 
parallel at the branches of the programmable convolver 340. Different time phases of 
the impulse response signal, for example impulse response 200, may be provided to 
the branches, respectively. For example, time phases of impulse response signal 345, 

15 346, 347 may be provided to multipliers 362, 361, 359, respectively. Amplifier 350 
may combine samples that are provided by the branches and may provide filtered 
modulated signal 355 to ADC 360. The gain of amplifier 350 may be controlled by 
AGC control 370. Furthermore, AGC control 370 may control the signal level that is 
inputted to integrators 363, 364, 365 by adjusting the gain of multipliers 359, 361, 

20 362, Adjusting the gain of multipliers 359, 361, 362 may have an effect on peak level 
210 of impulse response 200. ADC 360 may convert filtered modulated signal 355 
into digital signal 375. Although the scope of the present invention is not limited in 
this respect, in an alternative embodiment of the present invention, the peak level 210 
of impulse response 220 may be modified, for example, by a digital signal processor 

25 by multiplying the impulse response by half (0.5). 

Although the scope of the present invention is not limited in this respect, in an 
alternative embodiment of the present invention, pre-filter 310 and anti-aliasing filter 
330 may be programmable convolvers, for example programmable convolvers with 
analog output. The programmable convolver may be the same or similar to the 

30 programmable convolver 340. Furthermore, buffers may be used to buffer the output 
of the convolvers. In an alternative embodiment of the present invention, a 
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reconstruction filter may be used to buffet the output of pre-fllter 310 and anti-aliasing 
filter 330. In addition, the gain of the buffer may be adjusted by AGC control (not 
shown). 

Although the scope of the present invention is not limited in this respect, in 
5 alternative embodiments of the present invention the programmable convolver 340 
may be a complex programmable convolver. An example of a branch of a complex 
programmable convolver 400 will be described now with reference to FIG. 4. 

Although the scope of the present invention is not limited in this respect, a 
complex programmable convolver (not shown) may include branches according to the 
10 length of the impulse response 200, for example, twenty branches. Branch 400 may 
include real multipliers 405, 410, 415, 420, adders 425, 430, integrators 435, 440 and 
sample switches 445, 450. 

In operation, I signal or Q signal x(t) may be split into two signals x t (t) andx/t) 
wherein x r (t) is the real part of x(t) and x/t) is the imaginary part of x(t). x T (t) may be 

^ 15 inputted to multipliers 405 and 410. x/t) may be inputted to multipliers 415 and 420. 

O 

p A time phase of inversed impulse response h(t) may be split to two signals h r (t) and 

!'- hj(t), wherein h r (() is the real part of the impulse response h(t) and h/t) is the 

U i 

y;] imaginary part of h(t). h r (t) may be inputted to multipliers 405 and 420 and h/t) may 
% be inputted to multipliers 410 and 415. Outputs of multipliers 405 and 410 may 
s 20 inputted to adder 425 and outputs of multipliers 410 and 420 may be inputted to adder 
. s : l 430. Adder 425 may generate a real multiplication product M r (a>) and adder 430 may 
fy generate an imaginary multiplication product Mj(co). Thus, the frequency domain 
P4 representation of the complex terms of the multipliction signals may be 
H M, (a ) = X,. (m)®H r (a?) - X } (co) ® H ,. (co) 

25 M , (to) = X r (co)® Hj (to) +■ Xj (at) <S)H r (t&). 

M r (cD) may be inputted to integrator 435. Integrator 435 may accumulate real 
multiplication products M r (co) according to clock 436' of, for example, timing unit 55 
of FIG. 1 . Sample switch 445 may output samples of real multiplication products 
M r (co) according to clock 437 of, for example, timing unit 55 of FIG. 1. Mj(oi) may be 
30 inputted to integrator 440. Integrator 440 may accumulate real multiplication products 
Mj(co) according to clock 436 of, for example, timing unit 55 of FIG. 1. Sample 

10 
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switch 450 may output samples of real multiplication products M r (co) according to 
clock 437 of, for example, timing unit 55 of FIG. 1 Although the scope of the present 
invention is not limited in this respect, branch 400 may output a split filtered signal 
y r (t) and y/t). Outputs of the programmable complex convolver may comprise a 
5 combination of y r (t) signals from the branches and a combination ofy/t) signals from 
the branches. Although the scope of the present invention is not limited in this 
respect, in an alternative embodiment of the present invention that may comprise a 
. complex programmable convolver, outputs y t (t) and yj(t) may be combined into one 
signal. 

1 0 Turning to FIG. 5, a flow chart of a method in accordance with an embodiment 

of the present invention will be described below. Although the scope of the present 
invention is not limited to this example, multi-mode receiver may receive an 
indication on the receiving mode of receiver 100 from controller 90, block 510, For 
example, dual-mode GSM/WCDMA receiver 100 of FIG. 1 may receive an indication 

!** ! 1 5 that receiving signal 75 is a GSM signal. In response, the frequency response of filters 

f: 

p 310 and 320 of FIG. 3 may be set by modifying the structure of filters 310 and 320 
p| and by setting the number of poles of filters 3 10, 320 to two poles (block 520), The 
yj sampling rate of DACs 360 may be set to twenty samples per symbol time (block 
yj 530). The resolution of the DACs 70 may be set to five bits (block 530) and the 
9 20 length of the impulse response 200 may be set to ten times the symbol length (block 
J* 540). Baseband module 100 may be switched to GSM mode by programming the 
fjj programmable convolver 340 with, for example, an impulse response of a low pass 
% t filter (block 550). For receiving signal 75 of WCDMA signal, the frequency response 
|=* of pre-filter 310 and anti-aliasing filter 330 may be programmed to have a different 
25 structure from GSM filters and the number of poles may be set to three poles (block 
520). The sampling rate of DACs 70 may be set to twenty samples per symbol time 
(block 530). The resolution of DACs 70 may be set to five bits (block 530) and the 
length of the impulse response 200 may be set to ten times the symbol length (block 
540). Baseband module 1 00 may be switched to WCDMA mode by programming the 
30 programmable convolver 340 with, for example, an impulse response of a band pass 
filter (block 550). AGC control 370 may provide an analog and digital gain control 

11 
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that may control the signal level inputted to the programmable convolver 340 to be at 
an average level, block 560. Although the scope of the present invention is not 
■ limited in this respect, in an alternative embodiment of the present invention the 
programmable baseband module 40 may include a complex programmable convolver. 

5 While certain features of the invention have been illustrated and described 

herein, many modifications, substitutions, changes, and equivalents will now occur to 
those skilled in the art. For example, the use of an adaptive function for varying a 
phase and amplitude of an output signal may be used in many devices other then 
transmitters. It is, therefore, to be understood that the appended claims are intended 

0 to cover all such modifications and changes as fall within the true spirit of the 
invention. 



12 



